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Abstract
Background: Myoclonus may occur after hypoxia. In 1963, Lance and Adams described persistent myoclonus with other features after hypoxia. However,
myoclonus occurring immediately after hypoxia may demonstrate different syndromic features from classic Lance–Adams syndrome (LAS). The aim of this review is
to provide up-to-date information about the spectrum of myoclonus occurring after hypoxia with emphasis on neurophysiological features.
Methods: A literature search was performed on PubMed database from 1960 to 2015. The following search terms were used: ‘‘myoclonus,’’ ‘‘post anoxic
myoclonus,’’ ‘‘post hypoxic myoclonus,’’ and ‘‘Lance Adams syndrome.’’ The articles describing clinical features, neurophysiology, management, and prognosis of
post-hypoxic myoclonus cases were included for review.
Results: Several reports in the literature were separated clinically into ‘‘acute post-hypoxic myoclonus,’’ which occurred within hours of severe hypoxia, and
‘‘chronic post-hypoxic myoclonus,’’ which occurred with some recovery of mental status as the LAS. Acute post-hypoxic myoclonus was generalized in the setting of
coma. Chronic post-hypoxic myoclonus presented as multifocal cortical action myoclonus that was significantly disabling. There was overlap of neurophysiological
findings for these two syndromes but also different features. Treatment options for these two distinct clinical–neurophysiologic post-hypoxic myoclonus syndromes
were approached differently.
Discussion: The review of clinical and neurophysiological findings suggests that myoclonus after hypoxia manifests in one or a combination of distinct syndromes:
acute and/or chronic myoclonus. The mechanism of post-hypoxic myoclonus may arise either from cortical and/or subcortical structures. More research is needed
to clarify mechanisms and treatment of post-hypoxic myoclonus.
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Introduction
Sudden muscle contractions (positive) or muscle tone lapses (negative)
that are brief, involuntary, and shock-like are defined as myoclonus.
There are several conditions that can lead to myoclonus, and myo-
clonus can be classified according to clinical presentation/etiology,
examination characteristics, or pathophysiology.1 In 1963, Lance and
Adams2 described four patients with dysarthria, ataxia, and intention
or action myoclonus that appeared a few days after the resolution
of coma as a result of hypoxic encephalopathy. The presence of
myoclonus after hypoxia had been mentioned before the description of
Lance and Adams, but the syndrome had not been described in
detail.3 Many cases have been described since 1963, and now the
myoclonus that appears after the resolution of coma and is variably
associated with dysarthria, ataxia, seizures, or cognitive deficits is now
referred to as chronic post-hypoxic myoclonus (PHM) or Lance–
Adams syndrome (LAS).4 However, not all myoclonus after hypoxia
resembles LAS. Specifically, the myoclonus that occurs almost
immediately after a hypoxic episode is called acute PHM. Moreover,
we feel that it is prudent to differentiate between acute PHM and
the myoclonus syndrome described by Lance and Adams, especially
since the clinical characteristics, prognosis, and treatment are dif-
ferent. In addition, taking into account these clinical differences, the
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mechanism and pathophysiology for acute PHM may also be different
from LAS.4,5
Neurophysiological studies such as electromyography (EMG), electro-
encephalography (EEG), somatosensory evoked potential (SEP), back-
averaged EEG transients, and long latency reflex are useful in
finding the myoclonus generator.6,7 There has been limited reviewed
information on the spectrum of neurophysiological findings seen in
PHM types. A perspective on the whole spectrum of both acute
and chronic PHM myoclonus (LAS) with attention to both clinical and
neurophysiology findings is necessary to study pathophysiology and
treatment of PHM. The aim of this review is to provide an up-to-date
description of the literature and to discuss the whole spectrum of this
unusual disorder, and to lessen the confusion between the two major
types of PHM. We highlight clinical differences, neurophysiology
findings, and treatment by reviewing the recently published reports for
both PHM types.
Methods
We performed a systematic literature search of the PUBMED
database using the terms ‘‘myoclonus,’’ ‘‘post-anoxic myoclonus,’’
‘‘post-hypoxic myoclonus,’’ and ‘‘Lance–Adams syndrome.’’ The
search was performed in December 2015 and included articles
published in the English language from 1960 to 2015. This search
strategy revealed more than 8,000 articles. The articles published in
peer-reviewed journals and that reported myoclonus cases after
hypoxia were included in the review. The majority of the articles
were case reports and case series. Review articles were considered only
if they included case reports or case series. We also reviewed relevant
articles that were present in the reference lists of identified papers for
added perspective.
Acute post-hypoxic myoclonus
Our search found 65 articles with acute PHM cases. Of these,
37 articles described findings with neurophysiological techniques. Out
of 37, 10 were research studies and the others were case reports or case
series. All 37 articles that reported neurophysiological findings are
listed in Table 1. The myoclonus that appeared in comatose patients
after hypoxic injury to the brain was usually generalized in nature, but
multifocal myoclonus, periodic eye opening, swallowing movements,
upward eye deviation, and flexion of the neck and trunk have been
reported as well.8–11 Acute post-hypoxic generalized myoclonus
usually appeared within 1 day of hypoxic injury, but the development
of multifocal myoclonus may take up to 3 days.12 We found one case
report where generalized myoclonus was described after 48 hours of
hypoxic injury; the patient had been initiated on a neuromuscular
blocking agent that could have masked the earlier appearance of
myoclonus.13
Generalized acute PHM was usually present only for a number of
days. The patients would usually deteriorate (with death), continue
to a chronic vegetative state, or improve with or without LAS. Any
such evolution was associated with the generalized myoclonus being
transient. The appearance of generalized myoclonus after hypoxic
injury to the brain is often considered to be a marker of poor
prognosis.14,5 In a systematic review published by the American
Academy of Neurology (AAN) in 2006, the appearance of ‘‘myoclonic
status epilepticus’’ within 24 hours was considered to be a marker of
poor outcome.15 The nature of PHM whether generalized or focal was
not mentioned in some studies.16,17 If the myoclonus was generalized
and continuous (.30 minutes duration), then it was referred to as
‘‘status myoclonicus.’’ However, there is a lack of consensus on the
duration criterion of myoclonus in this instance and whether this
occurrence constitutes a seizure. There are other terms that are used
interchangeably for this particular presentation, including ‘‘myoclonic
status epilepticus,’’ ‘‘status myoclonus,’’ and ‘‘myoclonic status.’’18
Most studies included in this review were before the era of
therapeutic hypothermia. Some studies that used hypothermia have
been published where a good outcome has been reported despite the
presence of myoclonus acutely after hypoxic injury.16,19,20 Since the
introduction of therapeutic hypothermia, caution has been advised
on using the presence of acute PHM as the sole criteria for
prognosis.18,21,22 It is sometimes difficult to perform an accurate
neurological examination and evaluate myoclonus because sedatives or
neuromuscular blocking agents are used frequently in patients who
undergo the hypothermia protocol.23 Hypothermia by itself can also
lead to EEG changes, and reliable interpretation should be performed
at a core temperature of more than 35 C˚.24
Neurophysiological findings in 741 cases from the 37 articles for
acute PHM that were reviewed are included in Table 1. These
neurophysiological findings seen in acute PHM are summarized in
Figure 1. Neurophysiological observations are reported for acute
PHM, but studies using EMG and other movement neurophysiological
techniques among acute PHM cases were rare. As such, we found
EEG to be by far the most common neurophysiology test used in acute
PHM, perhaps because other neurophysiology techniques are not
feasible under the circumstances. Indeed, the concern over possible
seizures seems to drive the indication for EEG testing. There are
several EEG findings described in acute PHM such as burst
suppression pattern,14 electrographic status epilepticus,16 periodic
epileptiform discharges,16 and diffuse slower frequencies.12 Surface
EMG was performed in only one case and SEP was mentioned in two
research studies for 51 cases. Specific patients could have more than
one EEG pattern reported, since many patients demonstrated
changing patterns on repeated EEGs during their clinical course after
acute hypoxia, even while the myoclonus is present. The prevalence of
specific EEG patterns out of 741 cases having EEG during clinical
myoclonus was as follows: burst suppression (56%), spike-wave activity
(both continuous and intermittent) (37%), myoclonic status epilepticus
(clinical and electrographic) (31%), diffuse slow background and waves
(21%), and alpha coma (7%). These severe diffuse EEG abnormalities
are consistent with marked diffuse cerebral dysfunction. The reported
exact temporal association between these EEG abnormalities and the
myoclonus is both variable and imprecise. Even generalized epilepti-
form discharges were variably reported as being not correlated with
the myoclonus, or correlated inconsistently without a fixed interval
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between the EEG change/discharge and myoclonus. Thus, the
important unanswered question for the reported EEG discharge
abnormalities is whether they are epiphenomena, interictal, or direct
ictal discharges responsible for the myoclonus jerk. It is possible that
different cases have different pathophysiology. In one study, only three
of 51 SEP had enlarged cortical components.25 A single report with
EMG mentioned co-contraction between muscles but no recruitment
order or duration was given.26 Without more documented surface
EMG studies of the generalized jerk, it is difficult to assign an exact
relationship between the EEG discharges and the jerk as well as to
define the myoclonus source in general.
The exact neuronal damage and pathophysiology that gives origin
to acute PHM is not clear. Histopathological studies in patients with
post-hypoxic myoclonus have demonstrated neuronal loss in cortical
laminae, loss of Purkinje cells, and ischemic damage in the hippo-
campus, thalamus, and brainstem.5,15 Animal models of PHM have
shown neuronal injury in the cerebral cortex, the hippocampus, the
Purkinje cell layer of the cerebellum, and the reticular thalamic
nucleus.27 It is possible that acute PHM can arise from the cortex or a
subcortical structure.26 Indeed, it is hard to determine the origin of
myoclonus on the basis of clinical judgment since multiple patho-
physiology mechanisms may produce similar clinical phenomena.12
Hallett et al. in 197728 described the origin of myoclonus after post-
hypoxic injury in the reticular formation of the medulla oblongata and
called this ‘‘reticular reflex myoclonus.’’ This type of myoclonus is
stimulus sensitive and present at rest; the proximal muscles are more
involved than the distal, flexor more than extensor, and it is
generalized with initial activation of the muscles innervated by lower
brainstem nuclei followed by rostral and caudal recruitment spread.
EMG discharges in the affected muscles are brief (10–30 ms) and
EEG discharges (spike and slow waves) are variably associated with
myoclonus but not time locked to it. For some of these jerks, EEG
changes are present, but clearly after the initial EMG discharges.
Interestingly, this described ‘‘reticular reflex myoclonus’’ may be
chronic in conscious patients, but the jerks themselves resemble acute
generalized PHM in clinical appearance. As a result, some have
thought the physiology of reticular reflex myoclonus to mimic the
generalized myoclonus in acute PHM while in coma. Although a
logical possibility, EMG studies are lacking to document that such
simultaneous rostral and caudal recruitment is common in acute
generalized PHM during coma. Injury to the cortex after hypoxia is
another possible cause of brainstem origin for acute PHM in which the
cortex is unable to generate inhibitory activity on spontaneous
brainstem discharges. In contrast to generalized myoclonus, multifocal
acute PHM is more confidently believed to arise from the cortex.6,7,29
Recent studies have demonstrated that acute generalized PHM can
arise from the cortex as well, which is not in agreement with the
previous studies.12,25 Acute PHM can also be associated with seizures,
and it is possible that a generalized ictal discharge produces a
generalized jerk, at least in some of these cases.4,14 This may be the
case particularly when generalized epileptiform discharges are periodic
and the generalized myoclonus is also periodic. In another possible
cortical mechanism, a focal cortical discharge spreads ipsilateral and
contralateral via the corpus callosum, effectively producing bilateral
and generalized motor cortex discharge. It is possible that variable
cortical and subcortical injuries after hypoxic injury may lead to the
mixed and varying clinical findings of this myoclonus.30
Figure 1. Neurophysiological findings in acute PHM. More than one pattern of electroencephalography was seen in the same patient during the course of
myoclonus. Burst suppression was the most common pattern while alpha coma was the least common pattern observed. The highest rate of survival was seen in the
diffuse slowing group and the lowest rate was seen in the spike-wave group. Multiple studies were commonly performed in the same patient.
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There are no published guidelines for the treatment of acute PHM,
and reported treatment is mostly anecdotal, so caution and skepticism
should be exercised. If epileptiform discharges are present, initial
treatment should consider antiepileptic drugs such as phenytoin,
phenobarbitone, and benzodiazepines. If these efforts are ineffective in
the treatment of acute PHM, anesthesia agents should be consid-
ered.5,14 Infusion of propofol has been reported to benefit myoclonus
arising after acute hypoxia.31 However, there are also case reports
where propofol has been reported to cause myoclonus in healthy
subjects but is short lasting and self-limiting.32
Chronic post-hypoxic myoclonus: Lance–Adams syndrome
Our search found 77 articles with chronic post-hypoxic cases (LAS).
All but one of the articles (where 14 patients with LAS were studied)
represented case reports or case series. Several case reports have been
published since the original description of this syndrome in 1963. Two
major reviews of this syndrome were published in 1986 and 2000.33,34
The major cause of hypoxia was respiratory arrest followed by
anesthesia and surgical accidents. Few cases of LAS have been
reported after cardiac arrest, drug intoxication, and asthma attack.
Commonly, the myoclonus appears days or weeks after the hypoxic
episode when consciousness is regained. It is characteristic that the
myoclonus was exacerbated during muscle activation (‘‘action
myoclonus’’) or even intention (‘‘intention myoclonus’’). This is the
most common clinical feature described and it significantly interferes
with daily tasks and impairs the quality of life. In some cases,
myoclonus was triggered by sensory stimuli such as touch or sound
(reflex myoclonus), or with anxiety. Negative myoclonus can also be
present in the lower extremities, leading to falls from lapses in postural
tone. Other features such as dysarthria, dysphagia, seizures, cognitive
deficits, and gait dysfunction were commonly seen in these patients.
Dysarthria and ataxia may improve with time but action myoclonus
persists for life, except for rare cases where complete resolution of the
myoclonus has been described. Some case reports do mention the
presence of seizures in the comatose stage acutely after the hypoxic
episode, and acute PHM was present in a higher proportion of patients
who went on to develop LAS. Currently, there is no scoring system to
predict the patients who do survive anoxic brain injury and eventually
develop LAS. The duration of coma and severity of anoxic injury is
highly variable in the reported cases of LAS, which makes it difficult to
draw any conclusion. However, one study suggested that patients in a
relatively milder cerebral performance category are the ones who
develop LAS.12
It is not properly understood which neurons are critically injured in
order to generate the myoclonus in LAS. Initially, serotonergic
mechanisms were implicated in the development of LAS because of a
partial response to serotonergic treatment and low cerebrospinal levels
of serotonin metabolites. An autopsy of a LAS case showed astrocytic
prominence in the midbrain periaqueductal gray, supratrochlear
nucleus, the lateral subnucleus of the mesencephalic gray matter, and
the cuneiform and subcuneiform nuclei.35 Other cases have shown
neuronal loss in the thalamus, striatum, mammillary bodies, and
brainstem raphe nuclei.36 The differences in pathology could be due to
the etiology of hypoxia or duration of the syndrome.36 Thus, there is
Figure 2. Neurophysiological findings in CHRONIC PHM (LAS). Electroencephalography is the most common neurophysiological study followed by jerk-
locked back averaging in chronic post-hypoxic myoclonus. An overwhelming majority of myoclonus in chronic PHM was found to be of cortical origin with jerk-
locked back averaging. Multiple studies were commonly performed in the same patient.
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diffuse damage, but the key areas that must be involved for the LAS
remain elusive.
Movement neurophysiology studies have been very useful in
determining the generator of LAS myoclonus.6 Seventy-nine cases in
the 51 articles that reported neurophysiological findings with LAS are
listed in Table 2. The neurophysiological findings reported in chronic
PHM are summarized in Figure 2. The number of articles where
various neurophysiological techniques have been applied to LAS has
been described is as follows: 46 EEG, 15 surface EMG, 14 SEPs,
11 jerk-locked back-averaging, and one with the long latency reflex.
EEG was described as spike-wave or polyspike activity in 29 cases and
having slower EEG frequency waves in 14 cases. The result from back-
averaging myoclonus was concluded to be focal cortical origin in seven
articles (23 cases). The action myoclonus in LAS is thought to be the
classic example of cortical origin myoclonus. In some cases, an
EEG spike, focal or more widespread, can be appreciated before the
myoclonus. For most cases, using back-averaging of the EEG by
jerk-locking or EMG discharges reveals a relatively focal EEG
discharge over the appropriate sensorimotor cortical area. Character-
istically, the EMG discharge is brief during multifocal myoclonus,
lasting 50–100 ms or less with nearly synchronous EMG discharges in
agonist, antagonists, and contiguous muscle segments. An enlarged
cortical SEP was observed in many but not all cases. Enhance long-
latency EMG reflexes, consistent with latency for a transcortical loop,
was demonstrated and may correlate with reflex-induced myoclonus
on examination (‘‘cortical reflex myoclonus’’). Broader muscle
activation may occur, including bilateral jerks, via intra-hemispheric
and corpus callosum spread. Other EEG findings such as interictal
epileptiform discharges and slower EEG frequencies are common.
Interictal epileptiform discharges may correlate with the presence of
clinical seizures. Although reticular reflex myoclonus was initially
described in a case of chronic PHM, it is rarely encountered in clinical
practice.
Imaging studies were performed either very early after hypoxia or
late in the disease course. A report published in 2013 mentioned early
and transient restricted diffusion in cerebellum and thalami that
disappeared when magnetic resonance imaging (MRI) was repeated
20 days after cardiac arrest.37 Another case showed transient abnor-
malities in lenticular nuclei and periventricular areas.20 A functional
imaging study of LAS demonstrated increased glucose metabolism in
the ventrolateral thalamus and pontine tegmentum.38 A resting state
functional MRI (rs-fMRI) showed increased functional connectivity
between different cortical areas in a patient with LAS.39 Brain single
photon emission computed tomography has shown decreased perfu-
sion in the basal ganglia, frontal lobe, parietal lobe, and the left
temporal lobe in LAS cases.40,41,42 In another case of LAS, [18F]-
fludeoxyglucose positron emission tomographic scan showed a
decrease in glucose metabolism in the bilateral frontal lobes, and in
the same patient magnetic resonance spectroscopy displayed neuronal
loss in the hippocampus.40 Similar to the pathology studies, char-
acteristic structural or functional imaging has yet to be defined.
Multiple large controlled treatment trials are not available for guid-
ing treatment in LAS, so a cautious approach should be emphasized.
Older treatment studies have demonstrated the beneficial effect of
L-5-hydroxytryptophan (L-5-HTP). 5-HTP is the immediate precursor
of serotonin and improvement in myoclonus following the adminis-
tration of L-5-HTP may be alleviating the deficiency of serotonin.
The side effects of L-5-HTP such as nausea, vomiting, and diarrhea
may be lessened by combining with carbidopa (inhibitor of aromatic
L-amino acid decarboxylase). 5-HIAA (5-hydroxyindoleacetic acid),
a metabolite of serotonin, has been shown to rise in the cerebro-
spinal fluid (CSF) after the administration of L-5-HTP.43,44 Some
patients did not improve following the administration of L-5-HTP,
which suggests that complex mechanisms may be involved in the
generation of myoclonus other than serotonin deficiency. Indeed,
in a report published in 1988,45 the CSF 5-HIAA level was increased
at baseline and the administration of L-5-HTP made the myoc-
lonus worse. The administration of methylsergide (a serotonin
receptor antagonist) improved the myoclonus and led to a decrease in
the level of CSF 5-HIAA in a few cases. However, the majority of
the reports have mentioned that methylsergide makes the myoclonus
worse.33,34
Owing to the side effects of L-5-HTP and concerns about
methylsergide, these treatments are now uncommonly used for
LAS. In the animal model of myoclonus, improvement was seen
with valproate, clonazepam, 5-HTP, lamotrigine, levetiracetam, and
riluzole.27 Since the myoclonus is of cortical origin most commonly,
such a treatment approach is often used. Thus antiepileptic agents are
usually used. Valproic acid for LAS was first reported as being useful
for human patient treatment in 1978 in combination with other
medicines.46 The beneficial effect has also been reported when used as
a monotherapy for LAS and can also help in controlling seizures, if
they are present along with myoclonus. Although not confirmed, the
likely mechanism of action of valproic acid is elevation of brain gamma
aminobutyric acid (GABA) in synaptic regions.46,47 Therapy with
diazepam has not been uniformly successful in controlling the myo-
clonus seen in LAS. Clonazepam, another benzodiazepine, was first
shown to be effective in the treatment of LAS in 1976.48 Doses of
clonazepam as high as 18 mg per day have been used in severe cases of
LAS.33 The possible mechanism of action in the case of clonazepam is
facilitation of GABAergic transmission and a decrease in 5-hydroxytryptophan
utilization in the brain.49 The reason for the potent antimyoclonic
action of clonazepam compared with other benzodiazepines is still
unclear.49 Piracetam, one of the nootropic agents, has shown some
benefit in the improvement of myoclonus, but this drug is not licensed
in the United States. Levetiracetam, which is chemically related to
piracetam, has shown marked improvement in myoclonus associated
with LAS.50 For the treatment of refractory cases of LAS, deep brain
stimulation surgery has been performed with some initial encouraging
results, but only in a few cases and it is still experimental at this time.
In a case of perinatal hypoxia, the target of stimulation was the
thalamus but in the other two cases the stimulation target was the
globus pallidus internus.51,52,53 Further work on deep brain stimulation
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surgery will hopefully confirm effectiveness and clarify the preferred
site of stimulation. Intrathecal baclofen therapy has also been shown to
improve myoclonus in a patient refractory to multiple medications.54
Based on a review in 2000, the following drugs were not found to be
helpful in treating myoclonus: amantadine, phenytoin, tetrabenazine,
nitrazepam, phenobarbitone, primidone, nortriptyline, and vaso-
pressin.34 The same review mentioned variable benefits with alcohol,
levodopa, fluoxetine, baclofen, carbamazepine, and estrogen.34 Some
reports have mentioned the usefulness of lacosamide,55 sodium
oxybate,56 zonisamide,57 and agomelatine.58
Conclusion
There seem to be two fairly distinct clinical syndromes for PHM,
acute and chronic. Either or both may occur in the same patient. Most
commonly, acute PHM occurs within hours of the hypoxia while the
patient is unconscious, has a generalized/bilateral distribution, and
commonly demonstrates severe generalized EEG abnormalities
including epileptiform discharges. Studies of acute PHM with neuro-
physiological studies that include EMG are needed to clarify its
possible and variable sources. Acute PHM may arise from the
brainstem, represent seizures, or another phenomenon. Benzodi-
azepines or anesthetic agents are the most effective treatments reported
anecdotally. Chronic PHM, or LAS, develops remote from the
hypoxia when the patient has regained consciousness, and presents as
multifocal action myoclonus. Neurophysiology studies demonstrate
sensorimotor cortical activation through pre-myoclonus epileptiform
discharges or back-averaged EEG transients time-locked to the
myoclonus. Enlarged cortical SEPs and enhanced long-latency reflexes
may be present. Since a cortical source for LAS action myoclonus
is firmly documented in the literature, we suggest using a cortical
source approach for treatment. Although little controlled evidence
is available, levetiracetam, clonazepam, or valproic acid, either alone
or in combination is reasonable but not a proven treatment approach
for LAS, consistent with a cortical source.59 Deep brain stimulation
surgery is a promising treatment for LAS which should be studied
further.
References
1. Caviness JN. Myoclonus. Mayo Clin Proc 1996;71:679–688, doi: 10.1016/
S0025-6196(11)63006-1.
2. Lance JW, Adams RD. The syndrome of intention or action myoclonus as
a sequel to hypoxic encephalopathy. Brain 1963;86:111–136. doi: 10.1093/
brain/86.1.111.
3. Aigner BR, Mulder DW. Myoclonus. Clinical significance and an
approach to classification. Arch Neurol 1960;2:600–615. doi: 10.1001/
archneur.1960.03840120006002.
4. Hallett M. Physiology of human posthypoxic myoclonus. Mov Disord 2000;
15(Suppl. 1):8–13. doi: 10.1002/mds.870150703.
5. Young GB, Gilbert JJ, Zochodne DW. The significance of myo-
clonic status epilepticus in postanoxic coma. Neurology 1990;40:1843–1848.
doi: 10.1212/WNL.40.12.1843.
6. Caviness JN. Clinical neurophysiology of myoclonus. In: Hallett M,
editor. Handbook of clinical neurophysiology. 2003 p. 521–548 (vol. 1).
doi: 10.1016/S1567-4231(09)70180-7.
7. Caviness JN, Brown P. Myoclonus: current concepts and recent advances.
Lancet Neurol 2004;3:598–607. doi: 10.1016/S1474-4422(04)00880-4.
8. Ferna´ndez-Torre JL, Calleja J, Infante J. Periodic eye opening and
swallowing movements associated with post-anoxic burst-suppression EEG
pattern. Epileptic Disord 2008;10:19–21. doi: 10.1684/epd.2008.0169.
9. Dericioglu N, Arsava EM, Topcuoglu MA. Periodic eye opening and
upward eye deviation accompanied by burst-suppression, as an isolated clinical
manifestation of acute post-hypoxic myoclonus. Epileptic Disord 2015;17:77–82.
doi: 10.1684/epd.2015.0731.
10. Legriel S, Tran-Dinh YR, Bele N, Thiery G. Massive rhythmic axial
myoclonus in post-anoxic coma. Epileptic Disord 2008;10:225–226.
11. Jumao-as A, Brenner RP. Myoclonic status epilepticus: a clinical and
electroencephalographic study. Neurology 1990;40:1199–1202. doi: 10.1212/
WNL.40.8.1199.
12. van Zijl JC, Beudel M, Vd Hoeven HJ, Lange F, Tijssen MA, Elting JW.
Electroencephalographic findings in posthypoxic myoclonus. J Intensive Care Med
2015;31(4):270–275. doi: 10.1177/0885066615571533.
13. Rajamani A, Seppelt I, Bourne J. Difficulties with neurological
prognostication in a young woman with delayed-onset generalised statusmyo-
clonus after cardiac arrest due to acute severe asthma. Indian J Crit Care Med
2011;15:137–139. doi: 10.4103/0972-5229.83010.
14. Wijdicks EF, Parisi JE, Sharbrough FW. Prognostic value of myoclonus
status in comatose survivors of cardiac arrest. Ann Neurol 1994;35:239–243. doi:
10.1002/ana.410350219.
15. Wijdicks EF, Hijdra A, Young GB, Bassetti CL, Wiebe S. Quality
Standards Subcommittee of the American Academy of Neurology. Practice
parameter: prediction of outcome in comatose survivors after cardiopulmonary
resuscitation (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2006;67:
203–210, doi: 10.1212/01.wnl.0000227183.21314.cd.
16. Seder DB, Sunde K, Rubertsson S, et al. Neurologic outcomes and
postresuscitation care of patients with myoclonus following cardiac arrest.
Crit Care Med 2015;43:965–972. doi: 10.1097/CCM.0000000000000880.
17. Rossetti AO, Oddo M, Liaudet L, Kaplan PW. Predictors of awakening
from postanoxic status epilepticus after therapeutic hypothermia. Neurology 2009;
72:744–749. doi: 10.1212/01.wnl.0000343006.60851.62.
18. Sandroni C, Cariou A, Cavallaro F, et al. Prognostication in coma-
tose survivors of cardiac arrest: an advisory statement from the European
Resuscitation Council and the European Society of Intensive Care
Medicine. Resuscitation 2014;85:1779–1789. doi: 10.1016/j.resuscitation.
2014.08.011.
19. Datta S, Hart GK, Opdam H, Gutteridge G, Archer J. Post-hypoxic
myoclonic status: the prognosis is not always hopeless. Crit Care Resusc 2009;11:
39–41.
20. Accardo J, De Lisi D, Lazzerini P, Primavera A. Good functional
outcome after prolonged postanoxic comatose myoclonic status epilepticus in a
patient who had undergone bone marrow transplantation. Case Rep Neurol Med.
doi: 10.1155/2013/872127.
Post-hypoxic Myoclonus Gupta HV, Caviness JN
Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org
The Center for Digital Research and Scholarship
Columbia University Libraries/Information Services15
21. Lucas JM, Cocchi MN, Salciccioli J, et al. Neurologic recovery after
therapeutic hypothermia in patients with post-cardiac arrest myoclonus.
Resuscitation 2012;83:265–269. doi: 10.1016/j.resuscitation.2011.09.017.
22. Rossetti AO, Oddo M, Logroscino G, Kaplan PW. Prognostication
after cardiac arrest and hypothermia: a prospective study. Ann Neurol 2010;67:
301–307. doi: 10.1002/ana.21984.
23. Samaniego EA, Mlynash M, Caulfield AF, Eyngorn I, Wijman CA.
Sedation confounds outcome prediction in cardiac arrest survivors treated with
hypothermia. Neurocrit Care 2011;15:113–119. doi: 10.1007/s12028-010-9412-8.
24. Stecker MM, Cheung AT, Pochettino A, et al. Deep hypothermic
circulatory arrest: I. Effects of cooling on electroencephalogram and evoked
potentials. Ann Thorac Surg 2001;71:14–21. doi: 10.1016/S0003-4975(00)
01592-7.
25. Bouwes A, van Poppelen D, Koelman JH, et al. Acute posthypoxic
myoclonus after cardiopulmonary resuscitation. BMC Neurol 2012;12:63.
doi: 10.1186/1471-2377-12-63.
26. Kakisaka Y, Haginoya K, Togashi N, et al. Neonatal-onset brainstem
reticular reflex myoclonus following a prenatal brain insult: generalized
myoclonic jerk and a brainstem lesion. Tohoku J Exp Med 2007;211:303–308.
doi: 10.1620/tjem.211.303.
27. Tai KK, Bhidayasiri R, Truong DD. Post-hypoxic animal model of
myoclonus. Parkinsonism Relat Disord 2007;13:377–381. doi: 10.1016/j.parkreldis.
2007.07.001.
28. Hallett M, Chadwick D, Adam J, Marsden CD. Reticular reflex
myoclonus: a physiological type of human post-hypoxic myoclonus. J Neurol
Neurosurg Psychiatry 1977;40:253–264. doi: 10.1136/jnnp.40.3.253.
29. Sutter R, Ristic A, Ru¨egg S, Fuhr P. Myoclonus in the critically ill:
Diagnosis, management, and clinical impact. Clin Neurophysiol 2016;127:67–80.
doi: 10.1016/j.clinph.2015.08.009.
30. Brown P, Thompson PD, Rothwell JC, Day BL, Marsden CD. A case of
postanoxic encephalopathy with cortical action and brainstem reticular reflex
myoclonus. Mov Disord 1991;6:139–144. doi: 10.1002/mds.870060209.
31. Tho¨mke F, Weilemann SL. Poor prognosis despite successful treatment
of postanoxic generalized myoclonus. Neurology 2010;74:1392–1394. doi:
10.1212/WNL.0b013e3181dad5b9.
32. Tam MK, Irwin MG, Tse ML, Lui YW, Law KI, Ng PW. Prolonged
myoclonus after a single bolus dose of propofol. Anaesthesia 2009;64:1254–1257.
doi: 10.1111/j.1365-2044.2009.06035.x.
33. Fahn S. Posthypoxic action myoclonus: literature review update.
Adv Neurol 1986;43:157–169.
34. Frucht S, Fahn S. The clinical spectrum of posthypoxic myoclonus.
Mov Disord 2000;15(Suppl. 1):2–7. doi: 10.1002/mds.870150702.
35. Richardson JC, Rewcastle NB, de Lean J. Hypoxic myoclonus: clinical
and pathological observations. In RoseFC, editor. Physiological aspects of
clinical neurology. Oxford, UK: Blackwell Scientific; 1977. pp 231–245.
36. Hauw JJ, Escourolle R, Baulac M, Morel-Maroger A, Goulon M,
Castaigne P. Postmortem studies on posthypoxic and post-methyl bromide
intoxication: case reports. Adv Neurol 1986;43:201–214.
37. Ferlazzo E, Gasparini S, Cianci V, Cherubini A, Aguglia U. Serial MRI
findings in brain anoxia leading to Lance-Adams syndrome: a case report.
Neurol Sci 2013;34:2047–2050. doi: 10.1007/s10072-013-1356-2.
38. Frucht SJ, Trost M, Ma Y, Eidelberg D. The metabolic topography of
posthypoxic myoclonus. Neurology 2004;62:1879–1881. doi: 10.1212/01.WNL.
0000125336.05001.23.
39. Park KM, Han YH, Kim TH, et al. Increased functional connectivity
between motor and sensory cortex in a patient with Lance-Adams syndrome.
Clin Neurol Neurosurg 2015;139:241–243. doi: 10.1016/j.clineuro.2015.10.021.
40. Zhang YX, Liu JR, Jiang B, et al. Lance-Adams syndrome: a report of
two cases. J Zhejiang Univ Sci B 2007;8:715–720. doi: 10.1631/jzus.2007.B0715.
41. Lee HL, Lee JK. Lance-Adams syndrome. Ann Rehabil Med 2011;35:
939–943. doi: 10.5535/arm.2011.35.6.939.
42. Hiramatsu N, Shime N, Kageyama K, Ashida H, Itoi T, Tanaka Y.
Intention myoclonus in paediatric patients following severe cardiopulmonary
failure: a report of three cases. Crit Care Resusc 2002;4:104–106.
43. De Le´an J, Richardson JC, Hornykiewicz O. Beneficial effects of
serotonin precursors in postanoxic action myoclonus. Neurology 1976;26:
863–868. doi: 10.1212/WNL.26.9.863.
44. Guilleminault C, Tharp BR, Cousin D. HVA and 5HIAA CSF
measurements and 5HTP trials in some patients with involuntary movements.
J Neurol Sci 1973;18:435–441. doi: 10.1016/0022-510X(73)90137-8.
45. Gime´nez-Rolda´n S, Mateo D, Muradas V, De Yebenes JG. Clinical,
biochemical, and pharmacological observation in a patient with postasphyxic
myoclonus: association to serotonin hyperactivity. Clin Neuropharmacol 1988;11:
151–160. doi: 10.1097/00002826-198804000-00006.
46. Fahn S. Post-anoxic action myoclonus: improvement with valproic acid.
N Engl J Med 1978;299:313–314.
47. Bruni J, Willmore LJ, Wilder BJ. Treatment of postanoxic intention
myoclonus with valproic acid. Can J Neurol Sci 1979;6:39–42. doi: 10.1017/
S0317167100119341.
48. Goldberb MA, Dorman JD. Intention myoclonus: successful treatment
with clonazepam. Neurology 1976;26:24–26. doi: 10.1212/WNL.26.1.24.
49. Jenner P, Pratt JA, Marsden CD. Mechanism of action of clonazepam in
myoclonus in relation to effects on GABA and 5-HT. Adv Neurol 1986;43:
629–643.
50. Krauss GL, Bergin A, Kramer RE, Cho YW, Reich SG. Suppression of
post-hypoxic and post-encephalitic myoclonus with levetiracetam. Neurology
2001;56:411–412. doi: 10.1212/WNL.56.3.411.
51. Asahi T, Kashiwazaki D, Dougu N, et al. Alleviation of myoclonus after
bilateral pallidal deep brain stimulation for Lance-Adams syndrome. J Neurol
2015;262:1581–1583. doi: 10.1007/s00415-015-7748-x.
52. Yamada K, Sakurama T, Soyama N, Kuratsu J. Gpi pallidal stimulation
for Lance-Adams syndrome. Neurology 2011;76:1270–1272. doi: 10.1212/WNL.
0b013e31821482f4.
53. Kobayashi K, Katayama Y, Otaka T, et al. Thalamic deep brain
stimulation for the treatment of action myoclonus caused by perinatal anoxia.
Stereotact Funct Neurosurg 2010;88:259–263. doi: 10.1159/000315464.
54. Birthi P, Walters C, Ortiz Vargas O, Karandikar N. The use of
intrathecal baclofen therapy for myoclonus in a patient with Lance Adams
syndrome. PM R 2011;3:671–673. doi: 10.1016/j.pmrj.2010.12.023.
55. Galldiks N, Timmermann L, Fink GR, Burghaus L. Posthypoxic
myoclonus (Lance-Adams syndrome) treated with lacosamide. Clin Neuro-
pharmacol 2010;33:216–217. doi: 10.1097/WNF.0b013e3181e1613f.
Gupta HV, Caviness JN Post-hypoxic Myoclonus
Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org
The Center for Digital Research and Scholarship
Columbia University Libraries/Information Services16
56. Arpesella R, Dallocchio C, Arbasino C, Imberti R, Martinotti R, Frucht
SJ. A patient with intractable posthypoxic myoclonus (Lance-Adams syndrome)
treated with sodium oxybate. Anaesth Intensive Care 2009;37:314–318.
57. Polesin A, Stern M. Post-anoxic myoclonus: a case presentation and
review of management in the rehabilitation setting. Brain Inj 2006;20:213–217.
doi: 10.1080/02699050500442972.
58. Gonza´lez de la Aleja J, Saiz-Dı´az RA, De la Pen˜a P. Relief of intractable
posthypoxic myoclonus after administration of agomelatine. Clin Neuropharmacol
2012;35:258–259. doi: 10.1097/WNF.0b013e3182613e06.
59. Caviness JN. Treatment of Myoclonus. Neurotherapeutics 2014;11:
188–200. doi: 10.1007/s13311-013-0216-3.
60. Baldy-Moulinier M, Cadilhac J, Passouant P. Post-anoxic myoclonic
rhythmic discharges. Electroencephalogr Clin Neurophysiol 1968;25:513.
61. Madison D, Niedermeyer E. Epileptic seizures resulting from acute
cerebral anoxia. J Neurol Neurosurg Psychiatry 1970;33:381–386. doi: 10.1136/
jnnp.33.3.381.
62. Van Woert MH, Sethy VH. Therapy of intention myoclonus with
L-5-hydroxytryptophan and a peripheral decarboxylase inhibitor, MK 486.
Neurology 1975;25:135–140. doi: 10.1212/WNL.25.2.135.
63. Wolf P. Periodic synchronous and stereotyped myoclonus with
postanoxic coma. J Neurol 1977;215:39–47. doi: 10.1007/BF00312548.
64. Niedermeyer E, Bauer G, Burnite R, Reichenbach D. Selective stimulus-
sensitive myoclonus in acute cerebral anoxia. A case report. Arch Neurol 1977;34:
365–368. doi: 10.1001/archneur.1977.00500180059012.
65. Harper SJ, Wilkes RG. Posthypoxic myoclonus (the Lance-Adams
syndrome) in the intensive care unit. Anaesthesia 1991;46:199–201. doi: 10.1111/
j.1365-2044.1991.tb09409.x.
66. Wijdicks EF. Propofol in myoclonus status epilepticus in comatose
patients following cardiac resuscitation. J Neurol Neurosurg Psychiatry 2002;73:
94–95. doi: 10.1136/jnnp.73.1.94.
67. Zivkovic SA, Brenner RP. A case of area-specific stimulus-sensitive
postanoxic myoclonus. J Clin Neurophysiol 2003;20:111–116. doi: 10.1097/
00004691-200304000-00004.
68. Hui AC, Cheng C, Lam A, Mok V, Joynt GM. Prognosis follow-
ing postanoxic myoclonus status epilepticus. Eur Neurol 2005;54:10–13. doi:
10.1159/000086755.
69. Tho¨mke F, Marx JJ, Sauer O, et al. Observations on comatose survivors
of cardiopulmonary resuscitation with generalized myoclonus. BMC Neurol
2005;5:14. doi: 10.1186/1471-2377-5-14.
70. Ferna´ndez-Torre JL, Gonza´lez-Rato J, Martı´nez-Martı´nez M. Acute
stimulus-sensitive postanoxic myoclonus: description of a case. Clin EEG Neurosci
2005;36:199–201. doi: 10.1177/155005940503600311.
71. English WA, Giffin NJ, Nolan JP. Myoclonus after cardiac arrest: pitfalls
in diagnosis and prognosis. Anaesthesia 2009;64:908–911. doi: 10.1111/j.1365-
2044.2009.05939.x.
72. Legriel S, Le Stang MB, Merceron S, Cronier P, Troche G. Ongoing
abdominal status myoclonus in postanoxic coma. Neurocrit Care 2012;16:
136–138. doi: 10.1007/s12028-011-9616-6.
73. Ferna´ndez-Torre JL, Herna´ndez-Herna´ndez MA. Acute stimulus-
sensitive postanoxic myoclonus: the importance of sensory stimulation in
comatose patients. Clin EEG Neurosci 2012;43:312–314. doi: 10.1177/
1550059412451214.
74. Shin JH, Park JM, Kim AR, et al. Lance-Adams syndrome. Ann Rehabil
Med 2012;36:561–564. doi: 10.5535/arm.2012.36.4.561.
75. Mader EC Jr, Villemarette-Pittman NR, Kashirny SV, Santana-Gould L,
Olejniczak PW. Typical spike-and-wave activity in hypoxic-ischemic brain injury
and its implications for classifying nonconvulsive status epilepticus. Clin Med Insights
Case Rep 2012;5:99–106. doi: 10.4137/CCRep.S9861.
76. Tsai MS, Chen JY, Chen WJ, Huang CH. Do we need to wait longer for
cardiac arrest survivor to wake up in hypothermia era? Am J Emerg Med 2013;
31:888.e5–6. doi: 10.1016/j.ajem.2012.12.023.
77. Sanna GD, Demurtas A, Cossa S, Murgia F, Murgia P, Ara A.
A peculiar case of Lance-Adams syndrome. Am J Emerg Med 2016;34:342.e5–7.
doi: 10.1016/j.ajem.2015.06.033.
78. Walsh BH, Baumer FM, Bernson-Leung ME, Lerou P, Peters JM.
Teaching video neuroimages: nonepileptic myoclonus in a neonate following
severe hypoxic-ischemic injury. Neurology 2015;84:e90. doi: 10.1212/WNL.
0000000000001397.
79. Erbslo¨h F, Pru¨ll G. Myoclonic syndrome after damage to the cerebellum
and brain-stem due to anoxia. Electroencephalogr Clin Neurophysiol 1969;26:449.
80. Hirose G, Singer P, Bass NH. Successful treatment of posthypoxic action
myoclonus with carbamazepine. JAMA 1971;218:1432–1433. doi: 10.1001/
jama.1971.03190220050017.
81. Tassinari CA, Coccagna G, Mantovani M, Bernardina BD, Roger J.
Polygraphic study of dyssynergia cerebellaris myoclonica (Ramsay-Hunt
syndrome) and of the intention myoclonus (Lance-Adams syndrome) during
sleep. Eur Neurol 1973;9:105–120. doi: 10.1159/000114217.
82. Carroll WM, Walsh PJ. Functional independence in post-anoxic
myoclonus: contribution of L-5-HTP sodium valproate and clonazepam.
Br Med J 1978;2:1612. doi: 10.1136/bmj.2.6152.1612.
83. Hallett M, Chadwick D, Marsden CD. Cortical reflex myoclonus.
Neurology 1979;29:1107–1125. doi: 10.1212/WNL.29.8.1107.
84. Fahn S. Posthypoxic action myoclonus: review of the literature and report of
two new cases with response to valproate and estrogen. Adv Neurol 1979;26:49–84.
85. DeLisa JA, Stolov WC, Troupin AS. Action myoclonus following acute
cerebral anoxia. Arch Phys Med Rehabil 1979;60:32–36.
86. Rollinson RD, Gilligan BS. Postanoxic action myoclonus (Lance-Adams
syndrome) responding to valproate. Arch Neurol 1979;36:44–45. doi: 10.1001/
archneur.1979.00500370074019.
87. Coletti A, Mandelli A, Minoli G, Tredici G. Post-anoxic action
myoclonus (Lance-Adams syndrome) treated with levodopa and GABAergic
drugs. J Neurol 1980;223:67–70. doi: 10.1007/BF00313141.
88. Kelly JJ Jr, Sharbrough FW, Daube JR. A clinical and electrophysio-
logical evaluation of myoclonus. Neurology 1981;31:581–589. doi: 10.1212/
WNL.31.5.581.
89. Sotaniemi K. Valproic acid in the treatment of nonepileptic myoclonus.
Arch Neurol 1982;39:448–449. doi: 10.1001/archneur.1982.00510190066025.
90. Magnussen I, Mondrup K, Engbaek F, Lademann A, Olivarius BD.
Treatment of myoclonic syndromes with paroxetine alone or combined with 5-HTP.
Acta Neurol Scand 1982;66:276–282. doi: 10.1111/j.1600-0404.1982.tb04525.x.
91. Obeso JA, Lang AE, Rothwell JC, Marsden CD. Postanoxic sympto-
matic oscillatory myoclonus. Neurology 1983;33:240–243. doi: 10.1212/
WNL.33.2.240.
Post-hypoxic Myoclonus Gupta HV, Caviness JN
Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org
The Center for Digital Research and Scholarship
Columbia University Libraries/Information Services17
92. Chee YC, Poh SC. Myoclonus following severe asthma: clonazepam
relieves. Aust N Z J Med 1983;13:285–286. doi: 10.1111/j.1445-5994.1983.
tb04661.x.
93. Kim JS, Lee SA, Kim JS. Myoclonus, delayed sequelae of carbon
monoxide poisoning, piracetam trial. Yonsei Med J 1987;28:231–233. doi:
10.3349/ymj.1987.28.3.231.
94. Witte OW, Niedermeyer E, Arendt G, Freund HJ. Post-hypoxic action
(intention) myoclonus: a clinico-electroencephalographic study. J Neurol 1988;
235:214–218. doi: 10.1007/BF00314349.
95. Obeso JA, Artieda J, Rothwell JC, Day B, Thompson P, Marsden CD.
The treatment of severe action myoclonus. Brain 1989;112(Pt 3):765–777.
doi: 10.1093/brain/112.3.765.
96. Rizvi AH, Karetzky MS. Action myoclonus after cerebral anoxia.
N J Med 1993;90:918–920.
97. Wicklein EM, Schwendemann G. Use of clonazepam and valproate in
patients with Lance Adams syndrome. J R Soc Med 1993;86:618.
98. Yamaoka H, Tomemori N, Hayama K. The Lance-Adams syndrome
following cardiopulmonary resuscitation: a report of two cases. J Anesth 1994;8:
349–351. doi: 10.1007/BF02514665.
99. Werhahn KJ, Brown P, Thompson PD, Marsden CD. The clinical
features and prognosis of chronic posthypoxic myoclonus. Mov Disord 1997;12:
216–220. doi: 10.1002/mds.870120212.
100. Lance JW, Adams RD. Negative myoclonus in posthypoxic patients:
historical note. Mov Disord 2001;16:162–163. doi: 10.1002/1531-8257(200101)
16:1,162::AID-MDS1029.3.0.CO;2-9.
101. Huang HC, Chen JC, Lu MK, Chen JM, Tsai CH. Post-hypoxic
cortical myoclonus mimicking spinal myoclonus – electrophysiological and
functional MRI manifestations. Eur J Neurol 2011;18:e4–5. doi: 10.1111/j.1468-
1331.2010.03186.x.
102. Cho AR, Kwon JY, Kim JY, Kim ES, Kim HY. Acute onset
Lance-Adams syndrome following brief exposure to severe hypoxia without
cardiac arrest – a case report. Korean J Anesthesiol 2013;65:341–344. doi:
10.4097/kjae.2013.65.4.341.
103. Ilik F, Kemal Ilik M, Co¨ven I. Levatiracetam for the management of
Lance-Adams syndrome. Iran J Child Neurol 2014;8:57–59.
104. Budhram A, Lipson D, Nesathurai S, Harvey D, Rathbone MP.
Postanoxic myoclonus: two case presentations and review of medical manage-
ment. Arch Phys Med Rehabil 2014;95:588–590. doi: 10.1016/j.apmr.2013.09.
008.
105. Bozˇic´ K, Gebauer-Bukurov K, Sakalasˇ L, Divjak I, Jesˇic´ A.
Improvement of post-hypoxic action myoclonus with levetiracetam add-on
therapy: a case report. Vojnosanit Pregl 2014;71:515–519. doi: 10.2298/
VSP1405515B.
Gupta HV, Caviness JN Post-hypoxic Myoclonus
Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org
The Center for Digital Research and Scholarship
Columbia University Libraries/Information Services18
